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[57] ABSTRACT

A system for protecting a remote power supply for
supplying power to an optical subscriber network, via a
pair of power supply lines, from a remote power supply
apparatus, being provided with power supply branch
apparatuses inserted into the power supply lines in cor-
respondence with each power receiving circuit respec-
tively mounted in subscriber transmission nodes. Each
of the power supply branch apparatuses comprises relay
contacts inserted into its own power supply branch lines
connected between the power supply lines and its own
power recetving circuit, and a relay energized by an
overcurrent detector or first and second communica-
tion units to change over the relay contacts. The relay

contacts are opened and closed subscriber by subscriber
sequentially to detect a faulty portion, and thereafter,
the power is fed again selectively to the subscribers
which have not experienced the fault.

10 Claims, 6 Drawing Sheets
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POWER SUPPLY PROTECTION SYSTEM
APPLIED TO OPTICAL SUBSCRIBER NETWORK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power supply pro-
tection system, and more particularly to a power supply
protection system applied to an optical subscriber net-
work having subscriber transmission nodes.

In most cases, a central office is located at the center
of each big city. In this case, it is not economical for the
carrter to distribute transmission lines separately to
reach each of the subscriber if they live in the suburbs of
the big city.

To cope with this, it is a recent trend to mount, for
the subscribers living in the suburbs, a small capacity
subscriber accommodation apparatus for suburban use,
1.e., a remote office, where the remote office and the
central office are connected through a single optical
fiber transmission line.

In the above case, it is further proposed to connect
the remote office and the subscribers in the suburbs with
the use of an optical fiber transmission line, whereby an
optical subscriber network is set up. This is referred to
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in North America, as FITL which means Fiber In The -

I.oop, and can cope with a future broadband ISDN.

The present invention refers to a power supply which
1s to be adopted to the above mentioned optical sub-
scriber network.

2. Description of the Related Art

In a conventional subscriber network, transmission
signals are transferred on metallic wires, and therefore
it is possible to supply power to the subscribers by com-
monly using the metallic wires. However, in the optical
subscriber network no such metallic wires are used, and
accordingly, power must be supplied independently to
each subscriber separately from the optical fibers.

Under the above circumstances, it has been proposed
to supply commercial power to each subscriber’s termi-
nal equipment independently. This measure, however,
1s not suitable, because, if the commercial power supply
is cut off, normal communication for the related sub-
scriber can no longer be maintained.

This being so, it has been proposed to supply power
to each subscriber {from a remote power supply appara-
tus mounted in the remote office. In this case, it is possi-
ble to distribute many pairs of power supply lines to
each subscriber respectively. However, the power sup-
ply lines play a role merely to carry a power and no role
in transferring information as does the optical fiber
transmission line. From this viewpoint, it is preferable
to distribute a single pair of power supply lines com-
monly used by a plurality of subscribers. This enables a
considerable reduction in the cost of constructing
power supply facilities. |

As will be explained in detail hereinafter, each sub-
scriber transmission node is located along the side of a
road and a pair of power supply lines is buried at a
shallow level along the road. Therefore, the power
supply lines and the subscriber transmission nodes are in
an environment liable to be destroyed by a road con-
struction, wheels of a car and the like. Thus, there is a
high possibility for the power supply lines and the sub-
scriber transmission node to suffer from trouble in the
power supply such as a ground fault, a short-circuit
fault, an open-circuit fault and so on.
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In general, it is impossible to perfectly prevent such
trouble 1 the power supply from occurring, and there-
fore, if such trouble does occur, the overall subscribers
suffer from the trouble in common, and thereby, a ser-
vice interruption may occur for all the subscribers at
one time. This is a considerable problem.

SUMMARY OF THE INVENTION

Therefore, the present invention, in view of the above
problem, has as its object the provision of a power
supply protection system which can supply power
again to some subscribers selectively which are able to
still receive the power, even once trouble in the power
supply, such as a ground fault, a short-circuit fault, an
open-circuit fault and so on, has occurred, so that com-
munication service can be recovered for the above se-
lected subscribers.

To attain the above object, the present invention is
basically comprised of a plurality of power supply
branch apparatuses which are inserted in series with a
pair of power supply lines, and disposed in correspon-
dence with and close to respective subscriber transmis-
sion nodes. Each of the power supply branch apparatus
comprises: normally closed contacts which are inserted
in a pair of power supply branch lines distributed from
the pair of the power supply lines to a power receiving
circuit mounted in each subscriber; an overcurrent de-
tector which is inserted in the pair of the power supply
lines; and a relay which is energized at least by the
overcurrent detector if it detects an overcurrent flow-
ing through the pair of power supply lines so as to open
the aforesaid normally closed contacts.

BRIEF DESCRIPTION OF THE DRAWINGS

The above object and features of the present inven-
tion will be more apparent from the following descrip-
tion of the preferred embodiments with reference to the
accompanying drawings, wherein:

FIG. 1 1s a general view of a network to which the
present invention is adopted;

FIG. 2 1llustrates a power supply route for an optical
subscriber network;

FI1G. 3 illustrates a basic construction of the power
supply protection system according to the present in-
vention;

FIG. 4 1s a view in which the constituents of FIG. 3
featured by the present invention are illustrated in en-
larged form;

FIG. 5 illustrates an embodiment of a power supply
protection system according to the present invention;
and

F1G. 6 illustrates a detailed example of the polarity
switching circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before describing the embodiments of the present
invention, the prior art and the problems therein will be
first described with reference to the related figures.

FIG. 1 1s a general view of a network to which the
present invention is adopted. In FIG. 1, as mentioned
earlier, 1t 1s not economical to connect a central office
10 located 1n the center of a big city with subscribers 16
living in the suburbs, via respective transmission lines
independently. To improve this, a remote office 12 is
established therebetween and a common optical trans-
mission line is distributed between the central office 10
and the remote office 12. The remote office 12 is con-
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structed as an unmanned enclosure and disposed rela-
tively close to the subscribers 16. Under the circum-
stance, even if the aforesaid respective optical transmis-
sion lines 13 and 15 are distributed, from the remote
office 12, to each of the subscribers individually, this is
not so economical. In this case, the connections be-
tween the remote office 12 and respective subscribers
are preformed via subscriber transmission nodes 14
which are provided to the subscribers 16 respectively.
Each of the subscriber transmission nodes is usually
built, at the side of the road, as a box of a cylindrical
shape and several tens of centimeters in height. Here,
the optical subscriber network to which the present
invention relates is defined as an optical communication
network extending from the remote office 12 to the end
points, i.e., the subscribers 16.

FIG. 2 illustrates a power supply route for an optical
subscriber network. The power supply route shown in
FIG. 2 provides a remote power supply to power re-
ceiving circuits 23 mounted in respective subscriber
transmission nodes 14 from a remote power supply
apparatus 21 via a pair of power supply lines 22 in a
multi-drop form.

If a metallic wire type transmission line is used as in
the prior art, it would be possible to share the metallic
wire for inherent communication use as a wire for com-
mon power supply use. However, if optical fiber trans-
mission lines 13 and 15 are used as shown in FIG. 2, it
is impossible to realize the above mentioned common
power supply use.

Under the above circumstances, as mentioned before,
it has been proposed to supply power to each subscrib-
er’s terminal equipment independently from commer-
cial power. This measure, however, i1s not suitable,
because, if the commercial power supply is cut off,
normal communication for the related subscriber can no
longer be maintained.

To 1mprove this situation, the power supplied to re-
spective subscribers 16 should be derived commonly
from the remote power supply apparatus 21 which is
mounted in the remote office 12.

In the above case, 1t could be considered to distribute
respective pairs of power supply lines to each sub-
scriber 16 independently. Practically, however, the
single pair of the power lines 22 should be commonly
used by all the subscribers 16, since the lines 22 are used
not for transferring information but merely for supply-
ing power. This enables a cost reduction 1n constructing
power supply facilities, as mentioned earlier.

As mentioned before, each subscriber transmission
node 14 1s located at the side of the road and the pair of
the power supply lines 22 is also buried at a shallow
level along the road. Therefore, the power supply lines
22 and the subscriber transmission nodes 14 are placed
in an environment liable to be destroyed by road con-
struction, wheels of a car and the like. Thus, there is a
high possibility of the power supply lines 22 and the
subscriber transmission nodes 14 suffering from the
power supply trouble, such as a ground fault, a short-
circuit fault, an open-circuit fault and so on. Thus the
aforementioned problem occurs. For example, referring
to FIG. 2, assuming that a short-circuit fault (the same
would apply to a ground fault) occurs at a portion indi-
cated as “SHORT-CIRCUIT”, the trouble in the power
supply due to the fault is not limited to the subscriber 16
(#2) only but goes farther to the remaining subscribers
16 (#1 . .. #n). Further, in FIG. 2, assuming that the
pair of the power supply lines (cable) 22 is cut off at a

10

15

20

25

30

35

45

50

35

65

4

portion indicated by “X”, the open-circuit fault, after
once being short-circuited, may occur. In this case,
normal communication is stopped for all the subscribers
16, although the subscribers up to the subscriber 16
(#2), 1.e., the subscribers 16 (#1 and #2) would recover
normal communication if the power supply is restarted
after the occurrence of the open-circuit fault.

FIG. 3 illustrates a basic construction of the power
supply protection system according to the present in-
vention. Note that identical members are represented by
the same reference numerals or symbols throughout the
figures.

The present invention provides basically a plurality
of power supply branch apparatuses 31 which are in-
serted in series with the pair of the power supply lines
22 and disposed in correspondence with and close to
respective subscriber transmission nodes 14.

Note, here, that the reference numeral 32 denotes a
communication cable which is operative to communica-
tion, when a fault occurs, between the remote power
supply apparatus 21 and respective power supply
branch apparatuses 31.

FIG. 4 1s a view In which the constituents of FIG. 3
featured by the present invention are illustrated in en-
larged form. In FIG. 4, each of the power supply
branch apparatuses 31 1s comprised of normally closed
contacts 33 which are inserted in a pair of power supply
branch lines 30 which is distributed from the pair of
power supply lines 22 to respective power receiving
circuits 23; an overcurrent detector (DET) 35 which is
inserted in series with the pair of power supply lines 22;
and a relay (RL) 34 which is operative, when the over-
current detector 35 detects an occurrence of an over-
current, to open the normally closed contacts 33.

Each of the power supply branch apparatuses 31
further includes an impedance circuit 41, which is in-
serted in paralle] with the pair of power supply lines 22.
The impedance circuit 41 is operative to flow a current
therethrough when a power is supplied with polarity
opposite to the polarity of the remote power supply.

Further, each of the power supply branch appara-
tuses 31 further includes a first communication means 51
which is operable to control the relay, (RL) 34, while
the remote power supply apparatus 21 includes a second
communication means 52 which cooperates with the
first communication means 51. The second communica-
tion means 52 is operative, via a plurality of the first
communication means 51 (only one is shown for brev-
ity), to deenergize, in order one by one, the relays 34
which have been energized by the overcurrent detector
(DET) 35 to close the normally closed contacts 33 in
this order, and the remote power supply is restarted
selectively only through the normally closed contacts
33 which do not activate the overcurrent detector dur-
ing the sequential operation to close these normally
closed contacts 33.

Further, the remote power supply apparatus 21 in-
cludes a polarity switching circuit 61 which is operative
to switch the polarity of the remote power supply, and
current measurement equipment 62 which is operative
to measure a current flowing, when all of the relays
(RL) 34 are energized through respective first commu-
nication means 51 and the polarity of the remote power
supply i1s switched to the other polarity, through the
patr of power supply lines 22 via the impedance circuits
41, thereby selected relays (RL) 34 are deenergized via
corresponding ones of first communication means 51
and the second communication means 52 to close the
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corresponding normally closed contacts 33 mounted in
the power supply branch apparatus 31 located at a dis-
tance calculated by a value of the thus measured current
and also mounted in the power supply branch appara-
tuses 31 located between the above power supply
branch apparatus 31 and the remote power supply appa-
ratus 21.

The operation of the power supply protection system
will be explained below with reference to FIGS. 3 and
4, assuming that a short-circuit fault occurs at the por-
tion indicated by “SHORT-CIRCUIT” in FIG. 2. Be-
cause of the fault, the overcurrent detector 35 in the
power supply branch apparatus 31 (#2 see FIG. 2) is
first activated. At substantially the same time, the over-
current detector 35 mounted in the upstream side power
supply branch circuit 31 (#1) and also the overcurrent
detector 35 (see FIG. §) mounted in the remote power
supply apparatus 21 are activated.

In responding to the above activation of the overcur-
rent detectors 35 in respective power supply branch
apparatuses 31 (#2 and #1), corresponding relays 34 are
energized. As a result of this, the normally closed
contacts 33 in respective apparatuses 31 (#1 and #2) are
opened. By the opening of these relay contacts 33, par-
ticularly by the opening of the relay contacts 33 of the
apparatus 31 (#2), the related short-circuit fault is cut
off from the pair of the power supply lines 22.

'This being so, in the above exemplified case, if the
relay contacts 33 of the apparatus 31 (#1) are closed
again, it will be possible to feed the power to the appara-
tus 31 (#1) again. In this case, although it is known at
the remote power supply apparatus 21 that some fault
has occurred due to the activation of the overcurrent
detector 35, it 1s not known for which apparatus the
relay contacts 33 can be closed again.

For this purpose, by the use of the second communi-
cation means 52 and the first communication means 51,
each of the relays 34 are deenergized in order one by
one from, e.g., the upstream side of the power supply
lines 22 to close each set of relay contacts 33 in this
order. Note that the relay contacts of the relay deener-
gized so far remain as they are.

Through the process of the above sequential closing
of the relay contacts, the process comes to the sub-
scriber located close to the short-circuit fault. At this
moment, the overcurrent detector 35 of this subscriber
1s activated again. By this reactivation of the overcur-
rent detector 35 the remote power supply apparatus 21
can specify the portion where the short-circuit fault in
question has occurred. Then, the apparatus 21 ener-
gizes, through the second communication means 52,
only the relay 34 selected via the corresponding first
communication means 51 of the subscriber located close
to the short-circuit fault. Thereafter, the fault can be
repaired by maintenance personnel. Note here that the
usual communications for the normal subscribers can be
restarted promptly.

If 1t is found that no overcurrent detector is reacti-
vated even 1n the above mentioned sequential search,
the second communication means 52 of the remote
power supply apparatus 21 assumes that an open-circuit
fault might have occurred as indicated by “X* shown in
FIG. 2. According to the above assumption, the second
communication means 52 opens all the relay contacts
once by energizing all the relays 34 via respective first
communication means S1. Thereafter, the second com-
munication means 52 issues a polarity switching com-
mand to the polarity switching circuit 61 to reverse the
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6

polarity of the power on the power supply lines 22 to
become opposite to the polarity of the aforesaid remote
power supply. Also the current measurement equip-
ment 62 1s activated simultaneously.

As a result, a current with opposite polarity flows on
the power supply lines 22 by way of the impedance
circuit 41, and the thus flowed current is measured by
the current measurement equipment 62, whereby the
power supply branch apparatus 31 located closest to the
open-circuit fault in question can be specified from a
location which is calculated by the value of the thus
measured current. Then the second communication
means 52 deenergizes the relays 34 of the apparatus 31
via respective first communication means 51, which
apparatuses 31 are disposed between the thus specified
apparatus 31 and the upstream side remote power sup-
ply apparatus 21, so that the corresponding relay
contacts 33 are closed. Here, the service for subscribers
disposed upstream from the open-circuit fault can be
recovered.

‘The closer to the ends of the lines 22 the open-circuit
fault takes place, the larger the value of the measured
current becomes. This 1s because, more impedance cir-
cuits 41 are connected in paraliel across the power sup-
ply lines 22. Based on the above fact, the second com-
munication means 32 of the remote power supply appa-
ratus 21 obtains each current value through current
measurements while the current flows with opposite
polarity, and connecting the impedance circuits 41 in
parallel one by one to the power supply lines 22 from
the upstream side (the side of the apparatus 21). The
thus obtained current values are recorded in the second
communication means 52 in correspondence with re-
spective subscribers. The thus recorded current values
are used to compare with the current value measured
during the aforesaid search of the open-circuit fault.
When the comparison reveals a match at a certain sub-
scriber, the open-circuit fault can be determined to have
occurred immediately down stream of this subscriber.

FI1G. 35 itllustrates an embodiment of a power supply
protection system according to the present invention. In
other words, the construction shown in FIG. 5 is a
specific example of the block diagram shown in FIG. 4.
The power supply source 25 in the remote power sup-
ply apparatus 21 consists of a DC/DC converter. To
the DC/DC converter 25, a DC voltage of, e.g., 48 V is
supplied by the remote office 12 (FIG. 3), and the DC
voltage of —48 V i1s increased to a DC voltage of, e.g.,
130 V. The level of 130 V i1s, in the North America and
SO on, a maximum admissible voltage dealt with by
maintenance man.

The impedance circuit 41 consists of a diode Dg and
a resistor Rg, both of which are connected in series. The
diode Dg conducts only when power from the remote
power supply with opposite polarity is applied. There-
fore the impedance circuit 41 is turned off during usual
operation of the remote power supply. The impedance
can most simply be realized by a resistor, as the resistor
Ro.

The first communication means 51 is comprised of a
microprocessor unit (MPU) 53 and a MODEM
(modulator-demodulator) 54. The second communica-
tion means 52 connected, via the communication cable
32, to the first communication means 51, is similarly
comprised of a microprocessor unit (MPU) 55 and a
MODEM 56.

The aforesaid overcurrent detector mounted in the
remote power supply apparatus 21 is also illustrated in
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this figure, the overcurrent detector 35 being operative
to detect a fault occurring at any portion along the

power supply lines 22.
The power receiving circuit 23 consists of a DC/DC

converter for decreasing the aforesaid DC voltage of 5

130 V to a DC voltage of, e.g., 24 V.

FIG. 6 illustrates a detailed example of the polarity
switching circuit. The polarity switch command issued
from the MPU 35, first, starts a relay driver circuit 64 to
energize a relay (RL) 63. Incidentally, the reference
character “D” represents a diode for absorbing a coun-
ter-electromotive force induced across the relay coils.

The relay 63 is, e.g., a 4-transfer relay which is pro-
vided with four sets of transfer relay contacts rl. The
relay contacts are changed over, when the polarity
switch command is given, from the connections of
shown with solid lines to the other connections shown
with broken lines.

Usually, the relay 63 is not energized, and therefore,
power from the remote power supply is applied with
such polarity as shown by 4+, — indicating the pair of
power supply lines 22 via the solid-line indicated routes
of respective relay contacts rl.

If the relay 63 i1s energized power from the remote
power supply is applied with such polarity as shown by
(4+), (—) indicating the pair of the power supply lines
22 via the broken-line indicated routes of respective
relay contacts rl, so that an open-circuit fault can be
recovered.

As explained above, according to the present inven-
tion, a power supply protection system is realized
which can suppress to the minimum the effect caused by
a short-circuit fault and so on, to be applied to the
power supply route for an optical subscriber network.

I claim:

1. A power supply protection system applied to an
optical subscriber network which i1s comprised of a
plurality of subscriber transmission nodes for each sub-
scriber, the subscriber transmission nodes having re-
spective power receiving circuits to which a remote
power is supplied through a pair of power supply lines
from a remote power supply apparatus in a multi-drop
form, said power supply protection system including a
plurality of power supply branch apparatuses inserted
in series with said pair of power supply lines and dis-
posed in correspondence with and close to said sub-
scriber transmission nodes, wherein each of said power
supply branch apparatuses comprises:

normally closed contacts inserted 1n a pair of power

supply branch lines which branch lines are distrib-
uted from said pair of power supply lines to said
power receiving circuits; an overcurrent detector
inserted in series with said pair of power supply
lines; a relay connected to said overcurrent detec-
tor and to said normally closed contacts and being
operative when said overcurrent detector detects
an occurrence of an overcurrent, to open said nor-
mally closed contacts; an impedance circuit con-
nected in parallel with said pair of power supply
lines, said impedance circuit being operative to pass
a current therethrough when power is supplied
with polarity opposite to the polarity of said re-
mote power supply; and a first communication
means operable to control said relay;

said remote power supply apparatus inciuding a sec-

ond communication means which cooperates with
sald first communication means; a polarity switch-
ing circuit connected to said second communica-

10

15

20

25

30

35

45

S0

33

65

8

tion means and being operative to switch a polarity
of said remote power supply; and a current mea-
surement equipment connected to said polarity
switching circuit and to said second communica-
tion means and being operative to measure a cur-
rent flowing, when all relays are energized through
said first communication means, and a polarity of
said remote power supply i1s switch to an opposite
polarity, through said pair of power supply lines
via impedance circuits of said power supply branch
apparatuses, whereby selected relays of said all
relays are deenergized via corresponding first com-
munication means and second communication
means to close corresponding normally closed
contacts of a predetermined power supply branch
apparatus the location of which is determined by a
value of the measured current and also of said
power supply branch apparatuses located between
said predetermined power supply branch apparatus
and said remote power supply apparatus.

2. A power supply protection system as set forth in
claam 1, wherein each impedance circuit consists of
both a diode and a resistor connected in series, the diode
becoming conductive when power from said remote
power supply apparatus with opposite polarity is ap-
plied.

3. A power supply protection system as set forth in
claim 1, wherein each of said first communication
means and second communication means are comprised
of both a microprocessor unit and a MODEM, and said
first and second communication means are connected
via communication cable.

4. A power supply protection system as set forth in
claim 1, wherein an open-circuit fault can occur close to
sald predetermined power supply branch apparatus, the
location of which is determined by said value of the
measured current.

5. A power supply protection system as set forth in
claim 4, wherein said location 1s found by comparing
the thus measured current value with each of previously
measured current values recorded in said remote power
supply apparatus.

6. A power supply protection system as set forth in
claim 1, wherein said polarity switching circuit consists
of 4-transfer relay contacts inserted between a remote
power supply source and ends of said pair of power
supply lines.

7. A power supply protection system as set forth in
claim 6, wherein said remote power supply source is
comprised of a DC/DC converter for increasing a volt-
age level and each of said power receiving circuits is
comprised of a DC/DC converter for decreasing a
voltage level.

8. A power supply protection system applied to an
optical subscriber network which is comprised of a
plurality of subscriber transmission nodes for each sub-
scriber, the subscriber transmission nodes having re-
spective power receiving circuits to which a remote
power 1s supplied through a pair of power supply lines
from a remote power supply apparatus in a multi-drop
form, said power supply protection system including a
plurality of power supply branch apparatuses inserted
in series with said pair of power supply lines and dis-
posed in correspondence with and close to said sub-
scriber transmission nodes, wherein each of said power
supply branch apparatuses comprises:

normally closed contacts inserted in a pair of power

supply branch lines which branch lines are distrib-



Y,347,417

9

uted from said pair of power supply lines to said
power receiving circuits; an overcurrent detector
inserted in series with said pair of power supply
lines; and a relay connected to said overcurrent
detector and to said normally closed contacts and
being operative when said overcurrent detector
detects an occurrence of an overcurrent, to open
sald normally closed contacts; and a first communi-
cation means being operable to control said relay;
sald remote power supply apparatus including a sec-
ond communication means which cooperates with
said first communication means, wherein said sec-
ond communication means 1S operative, via said
first communication means, to individually deener-
gize, i a sequential order, relays of said power
supply branch apparatuses which relays have been
energized by said overcurrent detector to close
sald normally closed contacts in said sequential
order, and said remote power supply is restarted

5

10

10

contacts which do not activate said overcurrent
detector during deenergization in said sequential
order to close said normally closed contacts.

9. A power supply protection system as set forth in
claim 8, wherein said second communication means is
operative, via respective first communication means, to
individually deenergize said relays in a sequential order
in a direction from an upstream side to a down stream
side of said remote power supply apparatus, and a re-
lated short-circuit fault can occur at a location where

* said overcurrent detector is first activated during deen-

15

ergization of the relays in said sequential order.

10. A power supply protection system as set forth in
claim 9, wherein each of said first communication
means and second communication means are comprised
of both a microprocessor unit and a MODEM, and said
first and second communication means are connected
via a communication cable.

selectively only through the normally closed 20 . I
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